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(54) LINER MANUFACTURE METHOD 
(57) Abstract: 

FIELD: plastic working of metals, in particular, cold plastic deformation method. SUBSTANCE: method 
involves manufacturing two parts, pipe and enclosure, from materials with different elastic limit; 
assembling parts by installing pipe in enclosure with space between their walls: subjecting part 
made from metal with lower elastic limit to plastic deformation. EFFECT: Increased efficiency and 
improved quality of liner. 2 dwgs 
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(54) CnOCOB M3rOTOB Jl EH WH JTEMHEPOB 
(57) Abstract 

Mcnojifc>3o BaHue: o6pa6oTKa MerannoB /jaaneHMeM, d uacTHocra, o6pa6onca weTo^oM xojioahoh 
iDiacTHMecKOtt fle^opManjiM. CympocTb K3o6peTeHHH: iraroraBJTHBaioT rbc flerajm - Tpy6y w ooonoMKy H3 
MarepuanoB c paanumibtM npejjenoM ynpyrocni. Co6npaioT ynoMHHyrbie flerajni nyreM ycraHOBKH Tpy6bi b 
o6onoMKy c 3a3opoM. riocne c6opKH ruiadwecKOH Ae$opMauHH noABepraior #eTajib, loroToaneHHyjo H3 
MeTajuia c MenbnmM npeAenoM yrrpyrocro. 2 hji. 



Description [OniicaiiHc H3o6pcT€nH5iI: 



M3o6pereHHe othochtch k xojio/jhom o6pa6oTKe MerajuioB nnacruMCCKUM AetJwpMMpoBaHMeM m mojkct 6biTb 
McnonbsooaHo, HarrprcMep, n/m H3 roro bji eium zieKHepoB /dih uh/»ihjux)b mTaHi^oBbix h etyrfw t>i x Hacocos. 

M3BecrcH cnoco6 H3roroonenMfi JieitnepoB. cor/iacHo KoxopOMy TOHKocxcuHaw Tpy6a BcraBJiHercH b 
ooonouKy c 3a3opoM [I| MeM^y HapyrcnoM noeepXHOCTbio Tpy6w m BHyTpeHHew noBepxHocrtJo o6onoHKM 
HMeerctt aaoop. 

He^ocTaTKOM npuBe^einioro cnoco6a Hs/merca Hanmoie 3a3opa Men^y Tpy6ow m o6onouKOH, npwBo^Hnjerx) 
k cmuKemao jkcctkoctm jiewnepa, a o hckotopbix c/iywanx. iianpHwep. npH roroTOBneHMH uwjirav^poB 
HttfrrHHbix aacocoB H3 jicMHepoB, 3a3op 3HaMMTC7iiiH0 cHMfflacT KaHccTDO nocyie^yroniejrt onepaujem 
ynpo<meHHH BHyTpcHHeii noBepxHOCTH upjiHHRpa a3o rapo Fiaimcu . 

M3BecTCH cnoco6 K3roToane»nui jieibtepoB, cor/iacHo Koropowcy Hapynufyio noBepxHocxb Tpy6bi m 

BByTpCHHIOE) nOBCpXHOCTb 060JIOMKH H3rOTaBJIUBaiOT KOHOTCCKHMH (21 He/JOCTaTKOM BfalUICOIlHCaHHOPO 

cnoco6a HB/mercH to, mto oh cnoKHbrit b ocymecxBJieHHM . Cjiojkhoctb npejjcTaaroieT H3POTooneHiie 
conpHPaeMbix noBepxHocreH m6o TpeoyercH erporo corjiacoBarb onHoocHocrt> KOHiraecKOH BHyTpcHHeii 
noeepxHOCTH o6ojioukh c kohwmcckoh HapyjKHow noBepXHOCxtoo Tpyf>bi. 

TaKme H3BecreH cnoco6 hopotobjichkh xieKHepoB, connacHO KoropoMy nocne c6opK» Tpy6w c odojiohkoh c 
HCKoropbCM 3a30 pOM no conpjTraeKo>B4 nosepxHOCTHM, JiefiHep no^BeppaioT aBTO$p€THpOBaHHX) (CM.TaW >KC 
crp.38) |31 t. e, roiacniMecKOH ^e$opMaqnn rpy6bi c nenuo ycTpaHeHHH 3a3opa MejK^y Tpy6ow m o6qjio*ikoh, 
k o^HOBpeMeuHoro ynponHeHM« Tpy6w. 

He^ocrraTKOM H3BecTHoro cnoco6a h3potobjichmh jieimepoB hejihctch to, mto npH CKperuieimH neifoiepoB 
nocpe^CTBOM njiacnraecKoit Refyopud&jpm ofliioft M3 flerajieH /icitacpa (o6ojiomkh hjih Tpy6w). He 
yuHTbiBaioTCH MexamwecKMe CBOHCTBa MerannoB, *rro He nosBOJiHer o6ecnewrb KauecTBeHHoro, 
6e33a30pHoro cKperuieHHH Tpy6bi c o6o.tiohkoh h, Kax cjie^cTBite, npHBO^HT k HH3K0My KauecTBy H3/jeniLR b 
hcjiom. 

HanpKMep, npH mroroBneKPra pjpnnmp oB He$THHbix mraHTOBbtx nacocoB ro cKpenneHHMx jieftnepoB, r^e 
Tpy6a roPOTaBJiMBaercH M3 BtacoKojiempoBaHHow a3onfpyeMoif era™, a ooonoMKa H3 HJf3KoyrneponKCTOM 
crajiH, H3-3a BbtmeyK a3aHHoro HeflocraTKa b nponecce a3orapoBaHHH Bumag^poB H3 3a3opa BbmenfnorcH 
ra3bi, npenHTCTByioiEiwe HopwajibHOMy nporeKaHKio npouecca a3OTHp0BaHHH, b pe3yjibTaTe <*ero pe3K0 
B03pacraeT Bpexcn aaoTHpoBaHira h CHiuKaeTcn KauecTBo a30TwpoBaHHH noBepxHOCTH Hjunnmpa h Hacoca b 
uejioM. 

3a^aMew H3o6pereHMH hbjihctoi pa3pa6oxKa cnoco6a ii3poto anemwi jiennepoe, o6ecne™Baioinero 
Ka^ecTBeHHoe 6e33a3opHoe coe^mieHue Tpy6bi c o6ojtomkoii vl noBbUHeime wecTKOCTH nefiHepa. 

yKa3aHHbiH TexHMMecKMw pe3yxibTaT ^ocTMraercH tcm, uto npw m3Potob/i ei qui jiefmepa, BKraouaioinero 
H3POTOBJieHMe AByx ^eraneM Tpy6bi m ooojiohkm k c6opnn wx jxpyr c RpyroM. c 3a3opoM, corjiacno 
H3o6pereHHK) DJiacTHMecKOMy ^e^opMHpOBaHuio no^sepraiOT flerajib, lororoBweHHyio H3 Merajuia c 
MeHbimfM npe^ejioM ytipypocm. 

Pe3yjibTaTOM peuieHKn nocraaneHHOw 3^ami HBJiHerc« to, *rro npw B03^eiicTBHii Ha flera/ib, 
H3roTOBJTeHHyio M3 Merajuia c ueHbamM npe;(ejioM ynpyrocTH Mepe3 nee mu B03AewcTByeM Ha fleranb c 
6ojibniH*f npc^enoM ynpyrxxrrM. 

nocne chhthh Harpy 3km b B^erami c MeHbmKM npe^e/iOM ynpyrocTM ocTaiorcH ocTaro^Hbie njiacrwuecKMe 
ne<}>opMamiM, a Rerram* c 6ojibnncM npe^enoM yiipyixxrrn npio^er cbok nepBoiia^ajiLJibie pasuepbi m 
6e33a3opHo npumuRer k conpnraeMOM noBepxHocru ynpyrow n^eranH. 

Ha <|>Hr. I H3o6pa>KeH cnoco6 coc/^iti leitim jieraiepa. b kotodom ooono^Ka roroToaneHa M3 Merartna c 
MeHbumM npeftejioM ynpyrocrH, a Tpy6a H3roTOBnena M3 tcerajuia c 6ojibomM npep^ejiowi ynpyrocTM; Ha 
<J)itr.2 cnoco6 coenwHeintn jiewnepa, b kotodom ooojioMKa rorxrrooneiia «3 Merajuia c 6onboiHM npe^enoM 
ynpyrocrH. a Tpy6a M3roToaneHa H3 Meran/ia c mchwhmm npeAejioM ynpyrocTM. JTewHepa H3P0TaBnwoaK)T 
cnc^yiouBiM o6pa30M. 

riepDonaManbno h 3POTan/i m naioT ooonowKy I. nocne 3aMcpa BHyrpeHHero /;naMexpa odo/ioukm 1 
o6pa6arbiBaiOT no Hapy jkhou noDepxnocTH Tpy6y 2. ooecncMUBan rapaHTMpoBaHHtui 3a30p Me«Ay 
conp^naeMbiMu nooepXHocrnMii. nocne coopKH ooojto^kh 1 c Tpyoow 2 neimep nocrynaeT iia onepaiouo 
cKpcnneHHH. CKpennesoic ocyiuecTHriHercn nocpe^crBOM Ae^opMamra option vn conpHraeMbix /;erajieii 

o60J1OMKH 1 H/IM Tpy6bl 2. J^c4K)pMaUHK) MOJHHO npOBO^HTb npH nOMOUL^M BblCOKHX ^aBJieHKM WI^KOCTM, 

ra30B, cnoco6oM kobxm . o6Ka*TKH. AopHOBaini5i win npyrux cnocoooB. 

Ha fyvsr.l noKaaan o^mi H3 B03uo^&iibix BapuairroB CKpciuicmi>i jicfniepa. b kotodom o6ano^Ka 1 



H3roroanCHa 10 MCTajuia c mchuxthm npcftenoM ynpyrocro, a Tpy6a 2 K3 Mcranna c 6anunifM npe^cjioM 
ynpyrocTH. B npuac^euHOM oiyMae n/iacTMMecKOM Re^opMamoi no^Deprajor ooouionKy 1. flnn aroro na 
MeraruiopeittymeM o6opy^OBamm. iianpuMep, ropn3OHTajibno-pacTOHH0M cramce b BepTxaoKHOfi 6a6ite 
M3^ejiMH, no ocm craHRa y crraH aan MBajoT oGnaiTnow imcTpyKieHx c ne<j>opMMpyioimiMii ponKKaxoi 3. B 
creoc/ib craHKa ycraHannMBaiOT orrpamy 4, Ha kotodom nocpcflCTBOM urrn<|rra 5 3aKpcnjiHioT jicwHcp. 

Ilocne HacrpoMKM ^e<J>opMMpyK)inMX porofKOB 3 Ha pa3Mep MeHbtne HapyxHoro jjwaMeTpa o6qjioukm (paaMep 
no ;;ctJ>opkfMpyK)ii^TM parr mk aw onpc^cjiHercH 3KcnepnMeHTa/ibH0, b 3aBMCHM0CTU ot jjwaweTpa jiewHepa, 
To/imiiHbi ctchok o6ono^KM 1 is Tpy6bi 2 h MexaroraecKHX cbokctb Merajuia) pacKaTHOMy MHCTpyMeHry 
coo6tnax>T Bpau^aToibHoe ^awmeHMe V, a jicMHepy nocrynaTenbHoe S, di>uiqjthhkjt nnacTiwecRyio 
Ae4>opMaiiKK> o6ojiohkw 1 h ynpyryio Ae<fropMauKK> Tpy6bi 2. 

B CBH3H c paanuuHbiMH MexamtxiecKHMn cBoucTBaMH MerannoB o6ojioukm 1 u Tpy6bi 2 b ofononKe 
npoH30HAyr nnacr*raeciuie fle^opMaujoi, b pe3ynbTai>e utro HapyjKHbo* h BHyxpcHHMii /jwaMerpw 
yMeHbmaTCfl, a e xpy6e 2 npoW30M^yT ynpyrwe ppbopuaixyoi, rne nocne chhthh Harpy3KH napawerpbt 
rpyou B03BpaTRTCH b nepBOHauauibHoe nojiOMLeime. npn otom, npon30M^er 6c33a3opuoe h KauecxBeimoe 
CKpenneHHe JiefmepaL 

Ha <J>ht. 2 M3o6pajKeH ojjhh H3 eo3wojeHbix BapMamroB CKpennemiH jieitHepoB, n kotopom o6ojiOMKa 1 
loroToaneaa H3 Mera/uia c (xuibnniM npe^ejiovi ynpyrocro. a Tpy6a 2 H3 Mexaruia c mchuhmm npe/jenoM 
ynpyrocTH. 

Jleimep ycTaHaBJinBaiOT Ha npoTHXHOW craHOK c ynopoM b npHcnocooJieHMe 6 ojjhhm kg *ropu,eB. B 
oroepcTKc Tpy6t4 2 bbo/jrt onpaoKy 7, na Bbtxo^ b Koxopyio BoopatiiiBaiOT jjopii 8. JJopH no napyxuioMy 
^MaMerpy Bbmo/meH Ha paaMep (xmbine pa3Mepa BHyrpeHHero ;xnax«rrpa Tpy6bi 2. Bcmrafua Harara Aopaa 
8 b OTBepcTMM Tpy6bi 2, KaK h b npeflbujymeM cjiynae, onpejjenHercH 3KcnepHMeHTajibH0. IIpM bkjcomchi/ih 
onpaHKM 7 no/;a™ S npoioBo^HT nnacnraecKyio n.c$opManH20 xpy6bi 2 u ynpyryio Ae4x>pManHK> oGojio^km I, 
npKBOflflmHX k 6e33a3opH0My m KauecTBeHHOMy CKpenneHHK) o6ojioukh 1 c Tpyooii 2, Kax h b npc^bmymeM 
enyMae. 



Claims (<I>opMyjia H3o6perenH5il: 

Cnoco6 M3PoroaaeHMH neimepoB. BKjno^aioimiM H3r\m>BJieHne Tpy6t>i m o6ono^KM. c6opKy hx ppyr c flpyroM 
nyreM ycrawoBKM Tpy6bi b o6anowy c oaaopOM m nocaeAyioui.ee ruiacronecKoe A«J>opMMpoBaHHe ojjuou ho 
co6parafbix flerajieM, oTjmwaiomsfHCH tcm. xrro Tpy6y h o6anonKy H3roTaBJiHBaH>T H3 vterajuiOB c pasHbtti 
np^cnoM ynpyrxxrra. a nnacnwecKofi Ae^pMai^ni nofleepraioT Aeranb, n^noroaneHHyio m3 Mexa/uia c 
MeHbnmM npCACJTOM ynpyrocrH. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 



Drawings: 
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Fig. 1 
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Fig. 2 
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